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Eicaywyn

®* MnxavolAoyikoc Zxediaopog (Engineering Design) : n diadikaoia
HETATPONNG MIAC veac 10€ac n avaykng TnG ayopdc o€  AEMTOUEPEIC
NANPOPOPIEC ano TIC OMNOIEC UMNOPEi va KATAOKEUACOE! Eva npoiov.

® MnxavoAoyikoc Zxed1aopoc kal YAIKG

[Mpodiaypagpeg kal anaiTnoeI NPoiOVTOC ‘ enmAoyn KataAAnAou UAIKoU

EEENIEN kal avanTuén VEwV UAIKWV ‘ duvaToTNTa OXEDIAONOU VEWV
NPOoIOVTWV 1 BEATIWONC auTwv Nou NdN unapxouv.



Eicaywyn

® MANBUGHOC dIABECINWY TEXVOAOYIKWV UAIKWYV : navw ano 200,000

®* H diapknc avanTtuén vewv UANIKWV PeyaAwvel Tov Ndn TePAOTIO apiOUO Twv
OIa0ECINWY UAIKWV ‘ avaykn yla ouvexn evnuEPwon oTIC eEENIEEIC Tou
TOMEQ TWV UAIKWV

® Ynapxel kanoia peBodoloyia yia Tnv opBoAoyikn €mAoyn &voc UNIKoU o€
KArola OUYKEKPILEVN Epapuoyn ;

* EmAoyn YAIK®V 0TO MnXavoAoyiko ZXES1a0H0
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Mechanical Engineering

Polymers,
elastomers

Hybrids,
Ceramics, composites

glasses



Aerospace and motorsport

Metals, Polymers,
alloys elastomers
Hybrids,
Ceramics, composites

glasses




Civil Engineering and architecture

Polymers,
elastomers
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fRcomposites
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Bio - engineering

Polymers,
elastomers

Hybrids,
Ceramics, composites

glasses



Product and Industrial Design

Metals, Polymers,
alloys elastomers
: _--- HybridS,
Ceramics, ' 1 composites

glasses

....
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NMpoodeuTikn NARPWON TOU X®WPOU UAIKOU-IS10TNTAG HE TNV NApodo

TOU Xpovou 1
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H mpoodeutiki TMANpwON TOU XwPOU UALKOU-LSLOTNTAC ME tnv mapodo tou Xpovou (ta
Slaypappato mapabETouy TNV NUEPOUNVIA TIAVW aplotepd) delxvovtag Tov TPOTO LE TOV OTtolo
TO. UALKA €xouv avamtuxBel pe tnv mapodo tou Xpovou yla vo KAAUPOUV TIC QTALTAOELG
QVTOXNG Kal mukvotntag. Mapopola xpovika ypadnuota Selxvouv tnv mPoodeuTiky TARPWON

yla OAEG TLC LOLOTNTEC TOU UALKOU.



NMPpoodeuUTIKN NARPWON TOU X®WPOU UAIKOU-IS10TNTAG HE TNV NdApodo
TOU XpOvou 2
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H mpoodeutiki TMANpwON TOU XwPOU UALKOU-LSLOTNTAC ME tnv mapodo tou Xpovou (ta
Slaypappato mapabETouy TNV NUEPOUNVIA TIAVW aplotepd) delxvovtag Tov TPOTO LE TOV OTtolo
TO. UALKA €xouv avamtuxBel pe tnv mapodo tou Xpovou yla vo KAAUPOUV TIC QTALTAOELG
QVTOXNG Kal mukvotntag. Mapopola xpovika ypadnuota Selxvouv tnv mPoodeuTiky TARPWON
yla OAEG TLC LOLOTNTEC TOU UALKOU.



NMpoodeuTikn NARPWON TOU X®WPOU UAIKOU-I10TNTAG HE TNV NApodo

TOU Xpovou 2
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H mpoodeutiki TMANpwon TOU XwPou UALKOU-LdLoTNTaC ME tnv mapodo tou Xpovou (ta
Slaypappato mapabETtouy TNV NUEPOUNVIA TTAVW aplotepd) Selxvovtag Tov TPOTO LE TOV OTtolo
TO. UALKA €xouv avamtuxBel pe tnv mapodo tou Xpovou yla vo KAAUPOUV TIC QTALTAOELG
QVTOXNG Kal mukvotntag. Mapopola xpovika ypadnpota Seixvouv tnv mPoodeuTik TARPWON

yla OAEG TLC LOLOTNTEC TOU UALKOU.



EEEAIEN BpaoTnpa

Bpaotripeg: xutooidbnpoc, XaAKOC, TTOAUTIPOTIUAEVLO.



EEEAMIEN BpaoTnpa NAEKTPIKAG okoUNnaAg

HAEKTPLKEC OKOUTIEG: LAl XELPOKIVNTN NAEKTPLKA okouTta aro to 1880, N NAEKTPLKA
punxavn KuAivépwv Electrolux tou 1960 kot n duyoKkevipLkn NAEKTPLKA pnxovr Dyson
tou 2010.



EEEAIEN OWANVWOEWV UBPEUONG

Lead  EEEEESTTTTIIESA®

A dull, silver-gray color that is easily scratched with a coin.
Use a magnet - strong magnets will not cling to lead pipes.

Galvanized (i sl

A dull, silver-gray color. Use a magnet - strong magnets will

typically cling to galvanized pipes.

Copper
The color of a copper penny. .

Plastic R

White, rigid pipe that is joined to water suppIyJ
piping with a clamp.




A@Oovia YAIkov

Table 2.3 Abundance of Elements

Crust Oceans
Element Weight % Element Weight %
Oxygen 47 Oxygen 85
Silicon 27 Hydrogen 10
Aluminum 8 Chlorine 2
Iron 5 Sodium 1
Calcium 4 Magnesium 0.1
Sodium 3 Sulphur 0.1
Potassium 3 Calcium 0.04
Magnesium 2 Potassium 0.04
Titanium 0.4 Bromine 0.007
Hydrogen 0.1 Carbon 0.002
Phosphorus 0.1
Manganese 0.1
Fluorine 0.06
Barium 0.04
Strontium 0.04
Sulphur 0.03
Carbon 0.02

Atmosphere

Element

Nitrogen

Oxygen

Argon

Carbon as carbon dioxide

Weight %

79

19
2
0.04

Note: The total mass of the crust to a depth of 1 km is 3 x 10°" kg; the mass of the oceans is 10°° kg; that of the atmosphere is

5 x 10" kg.




Material

Aluminum
Plastics
Copper
Zinc
Steel
Glass
Cement
Brick
Timber
Gravel
Ol

Coal

Table 2.4 Approximate Energy
Content of Materials (GJ ton™})

Energy

280
85-180
140, rising to 300
68

55

20

5

4

2.5-7
0.2

44

29




Table 2.1 Approximate Relative Price per Ton (mild steel = 100)

Material

Platinum

Diamonds, industrial

Gold

Silver

CFRP (materials 70% of cost; fabrication 30% of cost)
Cobalt/tungsten carbide cermets
Tungsten

Cobalt alloys

Titanium alloys

Nickel alloys

Polyimides

Silicon carbide (fine ceramic)
Magnesium alloys

Nylon 66

Polycarbonate

PMMA

Magnesia, MgO (fine ceramic)
Alumina, Al,Os5 (fine ceramic)

Tool steel

GFRP (materials 0% of cost; fabrication 40% of cost)
Stainless steels

Copper, worked (sheets, tubes, bars)
Copper, ingots

Aluminum alloys, worked (sheet, bars)
Aluminum ingots

Brass, worked (sheet, tubes, bars)
Brass, ingots

Epoxy

Polyester

Glass

Foamed polymers

Zinc, worked (sheet, tubes, bars)
Zinc, ingots

Lead, worked (bars, shest, tube)
Lead, ingots

Natural rubber

Polypropylene

Polyethylene, high density
Polystyrene

Hard woods

Polyethylene, low density

Relative price

12m
10m
9.6m

290,000
20,000
15,000
5000
7000
2000
6000
8000
7000
1000
1500
1000
700
3000
3000
500
1000
600
2000
2000
650
550
2000
2000
1000
500
400
1000
550
450
650
550
300
200
200
250
250
200
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H Aiadikacia Tou ZXeS1aCHOU
|

® [a va NeTUXEl TNV ayopa &va npoiov npenel
® Na AeiToupyei kaAa
* Na eival euxpnoTo kai BoAIKO
® Na d1a6<Tel EeXwpPIOTA XapaKTNPIOTIKA MOU va IkavornoloUv Tnv ayopd

°* AuTa Ta &EXWPIOTA XapakTnpioTIKa €EapTwvtal o peyaho Pabud and To
«Bloynyaviko oxedIaouo ».

® ‘OTtav noAAa Texvika icodUvapa npoiovra avraywvidovTtal yia €va Pepidlo TnG
ayopac, TeAikG To WePidIo TnG ayopdc kepdiletal (i xaveral) e€airiac TG
ONTIKNC Kal anTIKNG EAENG TOU NpoioVTOC.



Napayovteg nou ennpealouv Tn Aladikaocia ZXed1aoHoU

Aerttopepng
. ILxebaopog 4



H Awadikaoio tov Zxedlacpou




H Awadikaoio tov Zxedlacpou
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H Awadikaoio tov Zxedlacpou

Material data needs

Data for material family

(metals, ceramics, polymers..) ssssssip _

Data for material class ...,
(Steel, Al-alloy, Ni-alloy.....)

Data for single material ~~"""**

(Al-2040, Al-6061, Al-7075.....)



Avaykn-l6¢a-YAomnoinon




Avaykn-l6¢a-YAomnoinon

Need
Concepts




Avaykn-l6¢a-YAomnoinon

Concepts




Avaykn-l6¢a-YAomnoinon

Need
Concepts

Direct pull Levered pull



Avaykn-l6¢a-YAomnoinon

Need
Concepts

Embodiments

Direct pull Levered pull Geared pull Spring-assisted pull



Avaykn-l6¢a-YAomnoinon

Need

Concepts

Embodiments

Direct pull Levered pull Geared pull Spring-assisted pull



YAonoinon-AenTtopEPELEC

Embodiment

I'q-




YAonoinon-AenTtopEPELEC

Embodiment




YAonoinon-AenTtopEPELEC

Embodiment Detail
3.6
ol o
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'«— 240 —» o ot
—— 400 + (0 220
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GRIP through colored
Ve 90.0 rt— 22 .0 —pmy
‘ : :.*..J'

v 112.0 >

ARM Stainless steel type 302

All dimensions mm machined from bar stock
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YAonoinon-AenTtopEPELEC

Embodiment Detail
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ARM Stainless steel type 302

All dimensions mm machined from bar stock

How are these choices made?
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H Awadikaocio Emloyng twv YALKwvV

Design requirements:
expressed as
Constraints and

Objectives

'

Able to be molded
Water and UV resistant
Stiff enough

Strong enough

As cheap as possible

L(As light as possible)




H Awadikaocio Emloyng twv YALKwvV

Design requirements:
expressed as

Constraints pnd

Objectives

|t

Y

[ Able to be molded

Water and UV resistant

Stiff enough

\ Strong enough

As cheap as possible

(As light as possible)




H Awadikaocio Emloyng twv YALKwvV

Design requirements:
expressed as
Constraints and

Objectives

'

Able to be molded
Water and UV resistant
Stiff enough

Strong enough

As cheap as possible

(As light as possible)




H Awadikaocio Emloyng twv YALKwvV

7

Data:

Design requirements: Material attributes

expressed as ¥ /i | Process attributes
Constraints and gy Documentation
Objectives i l
‘ Density
Price

Able to be molded Modulus
Water and UV resistant Strength
Stiff enough Durability
Strong enough Y Process compatibility
As cheap as possible More.......
(As light as possible)




H Awadikaocio Emloyng twv YALKwvV

Design requirements:

expressed as
Constraints and

Objectives

'

Able to be molded
Water and UV resistant
Stiff enough

Strong enough Y

As cheap as possible

(As light as possible)

Data:
Material attributes
Process attributes

Documentation

v

Comparison engine
= Screening
= Ranking

E * Documentation

l

Density

Price

Modulus

Strength

Durability

Process compatibility




H Awadikaocio Emloyng twv YALKwvV

Design requirements:
expressed as

Constraints pnd

Objectives

o

}

[ Able to be molded

N

Data:
Material attributes
Process attributes

Documentation

v

N g

Comparison engine

Water and UV resistant
Stiff enough

Strong enough

As cheap as possible
(As light as possible)

> = Screening _—

|

Density

Price

= Ranking
i = Documentation

Modulus

Stréngth

Durability

Process compatibility

L\ J




'

Data:
Material attributes

Design requirements:
expressed as

Constraints and Process attributes

5 Documentation

Objectives

& ~ !

Comparison engine

Able to be molded Density

Water and UV resistant 3 Screening Price

Stiff enough - Ranking - Modulus

Strong enough = Documentation Stréngth

As cheap as possible Durability

(As light as possible) Process compatibility




Design requirements:
expressed as
Constraints and

Objectives

7

'

Able to be molded
Water and UV resistant
Stiff enough

Strong enough

As cheap as possible
(As light as possible)

™

Comparison engine
= Screening
* Ranking

i!- Documentation | |

-

Data:
Material attributes
Process attributes

Documentation

v

rd

:

Density

Price

Modulus

Stréngth

Durability

Process compatibility




Data:
Material attributes
Process attributes

Documentation

Density

Price

Modulus

Strength

Durability

Process compatibility




H Aiadikaocia Tou ZXeS1ACHOU

® MnxavoAoyikoc 2xediaouoc (Engineering Design)
® DUOIKEC apXEC UNXAVIKWV Kal BEPUIKWV CUCTNHATWY
® >woTn Kal BEATIOTN AEITOUPYIA TWV CUCTNUATWY AUTWV
* M&Bodol napaywyne

® Biounxavikog 2xediaopog (Industrial Design)
® Mop®n NpoiovToc
® Xpwpua kal upn
® « EAKUOTIKOTNTA NPOC TOV KATAVAAWTH »

® Texvika XapakTnpPIOTIKA EVOC NMPoiOVTOC:
® Mnxavikn kai Opuikn anodoon
® KooTtog
° Avtoxn



Katnyopiec MnxavoAoyikoU ZxXed1acHOU
.

* 2xediaopoc npwtotunou (Original Design): Baciletar otnv avantuén piag
evTeAWC veac 16€ac (kaivoTopia).

® >xedlaopoc npooappoync (Adaptive Design): Baoiletar otnv €&ENEn kal
BeATiwaon evoc NdN unapxovTog NPoIOVTOC.

* Yxedlaopoc naparlaync (Variant Design): Baoiletalr otnv aAAayn €EwTepIkwv
XapaKTNPIOTIKWV EVOC MNPOIOVTOC, ONWC OXNUAa, MEYEBOC K.d. XWPIC OHWC
aAA\ayn TnG apxnc Asiroupyiac Tou



Katnyopiec MnxavoAoyikoU ZxXed1acHOU
.

Zxediaopog npwroTunou (Original Design):

® BaaoileTal oTnVv eKMETAANEUGT KAMoIag karvoupyiag 10eac n apxng Asiroupyiac.

® H avantuén vewv UANKwV, MOU MpPoopePOUV HovadikoUuc ouvOuaouous
IOI0TNTWYV, EUVOEI TOV MPWTOTUMO OXEOIACUO.

MNapadeiypaTta
* MupiTio uYPnNANG kaBapoTnTag -> avanTu&n kpuoTaAhoAuyviag (transistor)
® [uaAi uwnAng kaBapoTnTag -> avanTtuén Tnc onTikNG ivag (optical fibre)

® Ynepkpapata VikeAiou (avToxnn O€ UWNAEC  Bepuokpaciec)->avanTuén
agpoaTPOBIAwWV

* EEENENC Tng TexvoAoyiac -> Nea ulika & lMpoidvTa

MNapadeiyuara

® Mupnvikn TexvoAoyia -> avanTu&n vewv HETAAAIKWV KpapdTwy,
->wOnon oTnv avanTuén oUVOETWV UAIKWV




Katnyopiec MnxavoAoyikoU ZxXed1acHOU

2 xedi1aopoc npooappoyng (Adaptive Design):

® MMpoonaBeia auvénonc TG anodoonC evOC MPOIOVTOC, MEOWw BeATIWONG TNG
apxnc AsIroupyiac Tou.

® Juyxvd auTo YIVETal EPIKTO PE TNV AvanTuén VEWV UAIKWV.
MNapadeiyuara

® AvTIKOTAOTAON TWV PETAAWV PE MOAUMEPN OTIC NAEKTPIKEG OKOUMEC
® AvTikaTaoTaon Tou EUAou ano avBpakovnuata o€ aéeooudap abAnTIoUOU

® oAU cuyxva ayopec kepdilovTtal (N xavovral), AOyw Tou TPOMou HE TOV Oroio
0 KaTaokeuaoTnG ekPeTaAeveTal (N ayvoei) vea UAIKA yIa TNV KATAOKEUN TwWV
NPOIOVTWYV TOU



Katnyopiec MnxavoAoyikoU ZxXed1acHOU

2xediaopog napaAiayng (Variant Design):

® A@opa Tnv ahAayn kAigakac (scale up) n 01A0TACEWV 1 AEMTOUEPEIWV TOU
NPOIOVTOC XWPIC OPWC va ennpeadel TNV apxn AEIToupyiac Tou NPoiovToc.

® H aAkayn autn npoUnoBeTel kal Tn Xpnoiponoinon d1apopeTikoU UAIKOU.

Napadeiyuara

* paypaTiko agponAavo -> KaTaokeuadeTal ano KpapaTa aAoupIviou

® MovTteho agponAavou (yia OKIUEC O agpocnpayyes) -> kataokeualeral ano
EuNo




Ailaypappa pong oxediacpou.
|

( "
Market need:
design requirements

7

e Determine function structure

® Seek working principles — -t
® Evaluate and select concepts

' N
® Develop layout, scale, form

® Model and analyse assemblies > Embodiment )=

® Evaluate and select layouts
A /

~ N
® Analyse components in detail

® Optimize performance and cost L

® Final choice of material & process
. J/ :
\ . J

MFA ‘15 :
' Iter@

Product
specification

—

To didypapua porg oxediaouou. O oxedlaoudg Eekiva atrd Tov TTPOCOIOPICHO MIAG avaykng TNG ayopdg, TTou SIEUKPIVICETAI
WG OUVOAO aTTAITACEWY OXEOIAOUOU, HEOW TNG CUAANWNG, TNG EVOWNATWONG KAl TNG AETTTOPEPOUG avAAUONG O€ JIa
TTPOdIaypaPr] TTPOIOVTOG. 52



AvaAuon TEXVIK®OV ZUCTNHATWV

ANAAYXH

AWIKPLON] KaTd AetTovpyieg

(vrocvoTipatae)

TEXNIKQN
YYLXTHMATQN

Awakpron o assemblies

Kot eéapTpata




AvaAuon TEXVIK®OV ZUCTNHATWV

{Component 1.1]

{SUbaSSGmbW ] . - [Component 1.2]

=\

Component 1.3

\

Component 2.1

system 2 — |Component 2.2

N

[ Technical ] [ Subassembly ] /
—>

Component 2.3

Component 3.1

3

[ Subassembly ] ¥ - [Component 3.2
MFA 15 [Component 3.3

H avaAuon evog TeXVIKOU CUCTAPATOS WG avaAuon oc assemblies kal ecaptriparta. H emmiAoyn
UAIKOU Kai d1adIKaaiag YiveTal o€ €TTITTEQO CAPTNUATWV.

54



AvaAuon TEXVIK®OV ZUCTNHATWV

e

A

Energy

[Technical system]

l

Material —

Information —

_.,‘ Fun;:tinn
il

~

Functmn Func’uon

-

/

H Acitoupyia-doury €ivai

N

/

Function |
6

MFA ‘15

Functlon Function
L% 4 5 A
o

[ Subsystems ]

l OQutput

Y

Desired
function

MIQ  OUOTNMIKI TTPOCEYYION OTNV  avaAuon &vOC  TEXVIKOU

OUOTIUOTOC, TTOU Bewpeital w¢ HETAOXNMUATIONOC €EVEPYEIAC, UAIKWV Kal TTANPOPOPIWY
(onudatwv). AuTh n TIpoCEyyion, OTav eTTecepyadeTal,

EVAAAQKTIKGA oX£0IQ.

BonBa otn OouIK OKEWn yia
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Alaypappa pong oxediacuou
I

H trepittAokn diadpoury Tou oxediaouou.
Edw o1 C-blobs avrirpoowTtretouv €vvolEg,
ol E-blobs evoapkwoeig Tou C, kai o1 D-
blobs Aetrtopepeic uhotroinoeig tou Es. H
Oladikaoia OAOKANPWVETAlI OTAV MTTOPEI va
TTPOOdIoPIOTEl PIa cupPBati dladpoun atrd
NV «Avaykn» €wg Tnv «[lpodiaypa®n».

Eival éva 0ttoulo povotrar (n TTARpNG MTTAE

Market need:
design requirements

ypapun) ue back-loops kai adiE¢oda (ol
OIOKEKOUMEVEC YPAPMEG).

specification

Product |
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Ailaypappa pong oxediacpou

To Oi1dypaupa pong oxedlaouou, TToU
Oeixvel TTWG Ta gpyaAeia oxediaong Kal n
EMAOY]  UAIKWV  €I0€pXovTIal  OTNn
dladikagia. O1 TTANPOYOPIEC OXETIKA ME
Ta UAIKG xpeidlovial o€ KABe oT1ddio,
aANG o€ TTOAU  Jla@opeTIKA  eTTiTTEDA
eupoug Kal akpifelac. H eTavaAnyn €ivai

MEPOC TNG O1adIKOTIaC.

~\

[ Design tools ]

Function modelling
Viability studies
Approximate analysis
Geometric modelling
Simulations methods
Materials selector
Process selector
Cost modelling

Finite-element
modelling (FEM)

Design for X

'q “
Market need:
design requirements
\ y,
s ~

=

Embodiment ) -

{

Product
specification

|

~

-~

Material data
needs

Data for ALL materials,
low precision
and detail

Data for a SUBSET of
materials, higher
precision and detail

Data for ONE material,
highest precision
and detail

MFA 15
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Function

Material

Process

To KeviplikO TIPOBANUA TwWV UAIKWV 1N aAAnAemTidopaon METALU AsiToupyiag, UAIKOU,
d10dIKaCiag Kal oXAMATOG.

58



H Aiadikaocia Tou ZXeS1ACHOU

ApYIKOG ZX£31000G :
To oTadio Tou apyikou oxediacpou nepiAapPavel Tnv €EETaon TwV NAPAKAT® :

® EvaAAakTikoi TpOMnoI AsiIToupyiag
* Tponoi diaxwpIoHOU 1} CUVOUGHOU UMOAEITOUPYI®WV

® EninAokec Tou KABe TpoOmou AEIToupyiac oTo KOOTOC Kal Tnv anodoon Tou
NpOIOVTOC



H Aiadikaocia Tou ZXeS1ACHOU

Eviiapecog ZXESIAOUOG :

>T0 0TadIo TOU evOIAPEOOU OXEDIAOHOU eKTEAOUVTAI TA NAPAKATW:
® AvaAuon Tnc AsIToupyiac Tou NpoiovTog

® AlaoTacioAOynon Twv eEapTNUATWV

°* EmAoynl UANIKwV yid Tn OWOoTn Kal aoc@aAn AEIToupyid TOU MPOIOVTOC OTIC
anaiToupeveC ouvonkec (Taoelc, Ospuokpaciec, NEPIBANAOV KTA)



H Aiadikaocia Tou ZXeS1ACHOU
|

TeAikog (AenTouepng) ZXed1aoUoC :

To oTadio Tou TeAikoU oxedlaopou ival To KpICINOTEPO, nepIAapPBavel O Ta €ENC:
* KaBopiopoc npodiaypapwv Tou KGBs eEapTnUAToC

° Avayvopion TwV Kpioldwv €EApTNUATWY TOU MPOIOVTOC Kal AEMNTOMEPNC
unoAoylopoc autwyv Pe dilagopa peaa (n.X. MNenepacueva oTolxeia)

® BeATioTonoinon €&apTnUdTwV Kal opadwv eEaptnuatwv (assemblies), Me
oKOMO TN PeyIoTonoinon TnG and®oaong Tou NPoiovTog

* AkpIBNG kaBopiopog TNG napaywyikng diadikaaoiag

® KooToAOynon Tou NpoiovTog



MeAETN : ZXed1a0H0G kal EEEAIEN TNG HAEKTPIKNAG ZKOUNAG

KatavaAwTikn Avaykn:
Mia ouokeun nNou agpaipsi TN okOvn ano Ta XaAid oTo oniTl

ApYIKOG oXeS1a0U0G: sniIAoyn apxnc Asiroupyiac

*  Avappoopnaon TNC okKOvVNC JEOW dNUIoUPYIAC KEVOU

* ®duonua TN oKOVNG WE NEMIECUEVO agpa
® HAekTpOOTATIK GUANOYN TNG OKOVNG

* BoupToliopa



MeAETN : ZXed1a0H0G kal EEEAIEN TNG HAEKTPIKNAG ZKOUNAG

A1akpion KaTa AEITOUPVYIEG : analToUPEVA UNOCUOTNUATA

® Mia nnyn evepyeiag

® Mia avTAia kevou

* 'Eva @iATpo yia Tn ouA\oyn TNG OKOVNG

* 'Evac cwAnvag yia Tnv avappopnaon TG OKOVNG

Eviiapueooc ZXe31a0L0G :

YnoAoylopog anairoUpevwy pubpwy pone Tou agpa
® 2xedlaopoc avTtAiag

® Mop®r Tou QIATpou

®  AIGUETPOC Kal PNKOG OwAnva

Ano Tov evdiaueoo oxedlaopo VYiveTal N EKTIUNON Twv OIA0TACEWV, TOU
Bapouc , TWV anaiTnoEwy o< I0XU Kal TN¢ anodoong Tne okounac.



MeAETN : ZXed1a0H0G kal EEEAIEN TNG HAEKTPIKNAG ZKOUNAG

TeAikog (AenTouePnNG) oXe31A0LOC:

® Xpnoiyonoinon TUNOMNOINUEVWY £EAPTNHATWY O 000 TO dUVATOV PEYAAUTEPO
Babuo

® AvaAuon Twv pn Tunonoinuevwy Eaptnuatwy (n.X €AIKa)
* KaBopiopoc Tne napaywyikng diadikaaciac yia kabes eEaptnua
® Biounxavikoc oxedlaopoc -> Xpwua, upn KTA

* [AnRpn gnxavoAoyika oxedid, PE akpIBEiC NpodiaypaPeC KATAOKEUNG



MeAETN : ZXed1a0H0G kal EEEAIEN TNG HAEKTPIKNAG ZKOUNAG

|
(a) ! (b)

1905 1950

© (d) \\‘
4 :

1985




MeA£Tn : ZXed1a0n0G ka1 EEEAIEN TIpUNoOucOV

Apaipeonc @eAAoOU:  deCIOOTPOYPA
armrd TMAvw aploTePd: HOXAEUHEVN
EACN, €AEN e ypavadia, TTPOCPUON
dIATUNONG (aKoUyETal TTEPiEPYO AAAG
AeiToupyei) Kal atroBoAn uTrd TTieon
(Twpa oTTavia o1 Kivouvol gival TToAU

MEYAAOL).
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MeA£Tn : ZXed1a0n0G ka1 EEEAIEN TIpUNoOucOV

La
Gueule de Bois

AploTEPA: N avaykn TG ayopdc: avaldnTeital Jia CUCKEUN TTOU ETTITPETTEI TNV TTPOCRACN OTO
KPQOi TTOU TTEPIEXETAI O€ QIAAN PE QEANO. ACIA: TTEVTE TTIBAVEG EVVOIEG, TTOU ATTEIKOVICOUV
QUOIKEG APXEG, YIa va KaAUuwouv Tnv avaykn. (A) agovikn €AEn, (B) diatunTikn €AEN, (M) tricon
atrd KaTw, (A) peiwon peyéBoug kai (E) otrdoipo.
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MeA£Tn : ZXed1a0n0G ka1 EEEAIEN TIpUNoOucOV

ApPXEG epyaaciag yia TNV EQAPPOYN TWV TPIWV TTPWTWYV EVVOIWV.

MFA ‘15
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Cast phenolic
GRIP through colored

- 90.0 =:= 22.0 —p _*

CUR W
r 1020 ! :
P : Ly
| Y\ | ] 2.0
o = 4
e 112.0 -

Stainless steel type 302
ARM machined from bar stock
MFA ‘15

All dimensions mm

ApioTepd: evowpaTtwaoelg (A) aueon €AEN. B) €Agn uttoponBoupevn atrd JoXAG: y) €AEN pe uttoBortnon
MeETAdoonG: (D) €AEN uttoBonBoupevn atrd eAaThplo (Eva EAATAPIO OTO CWHA CUMPTTIECETAI KABWG N Pida
odnyeital oTov PeANO). AeCId: AeTTTOUEPNG OXEDIOAOUAS TOU oXAOU evowudaTtwong (E), ue emAoyr UAIKOU.

Copyright © 2016 Elsevier Inc. All rights
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Model One

Wine Needle

Made with stainless steel with
a non-stick coating. Designed
for hundreds of cork
punctures.

Capsule Load Cell

Easily load Coravin Pure™
Capsules full of 100%
pure Argon gas,

SmartClamps™ I CORAVIN"

Simply insert your Coravin
System in a quick, firm push.




Energy [ Gefgfézte ] [ Tr?o':izit ] [Apiglyforce]
cork

Y Y Y

" Direct pull
) shaft | —[ Screw |

r {
LLevered pull
g[ Linkage ]X[Shear blades]

:Geared pull

' Direct push ]

/,,[Gas injection]—>[Gas pressure]

MFA “15

Levered push]

H Asiroupyia-doun Kai o1 apxXEG AEITOUPYIOG TWV aPaipeang GeAAOU.

Extract
cork
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O1 Katnyopieg Tmwv MnxavoAoyikov YAIK®OV

° Ta MEAN kaBe kaTnyopia¢ napouoialouv Kolva XAPAKTNPIOTIKA, Onwg
NapePPePEIC 1010TNTEG, NAPEUPEPEIC TPONOUC KATEpyaoiag kai, nMoAU ouxva,
XpnoiyonolouvTal 0 NApEPPEPEIC EPAPHOYEC.



O1 Katnyopieg Tmwv MnxavoAoyikwv YAIK®OV

Ta MéraAAa kai Ta Kpaupara

® JXETIKA UYNAO PETPO €AACTIKOTNTAC -> AVTOXN OE €AACTIKN NApapopPwaon,
duokauyia

* AuvartotnTa ioxuponoinong (au&énong TnG HNXAavikng avToxnc) HECW PNXavikng
Kal BEPUIKNC KATEPYAOIaAC

® OAKINOTNTA -> MeyaAn OlauopPpwoIPOTNTA Kal actoXia AOYyw nAAoTIKAG
napapoppwong npiv Tn Opavon (yield before break)

* YoioTavTtal konwon (oTav gopTidovTal Ye NEPIOSIKO TPOMO)

® Mapouaialouv Tn PIKPOTEPN avTtoxn oc O1aBpwaon an oAa Ta unoAoina &idn
UAIKWV



O1 Katnyopieg Tmv MnxavoAoyikwv YAIK®OV

|
Ta Kepapika kai 1o F'udAi

® oAU uwnAO PETPO €AAOTIKOTNTAC -> YEYAAn duokapwyia

® MeydAn wabupdTnTa -> MIKPN avToXn OE ONMEIQ OUYKEVTPWONG TACEWV
(ongc, prypaTa K.a )

® AiaTnpouv Tn INXAviKn TouG avtoxn Kal 0 UWNAEC BEPUOKPATIEC
® [oAU uynAn avtoxn os diappwon

® MeyaAn okAnpoTNTa -> UWNAN avtoxn oc ¢Bopa (konTika epyaleia, dpava
OAIOONOEWC Kal KUAIOEWC, K.a)

® H pnxavikn Touc avtoxn €€apTartal anod Tov OyKo Tou UAIKOU Kal To XpOvo yid
TOV 0Mnoio JIapKEi N POPTION

® Mikpn KaTepyaoIuoTNTA



O1 Katnyopieg Twv MnxavoAoyikwVv YAIK®OV

Ta NoAupepn kai Ta EAacTouEPn

® XaunAo peTpo eAaoTikoTNTac (~ 50 @OpeC MIKPOTEPO anMd aAUTO TwWV
HETAANWV)

® ZXETIKA UWPNAN PNXavIKn avtoxn, oXedov EPAUIAN TWV PHETAANWYV -> PEYAAEC
eNAOTIKEC NAPAUOPPWOEIC

® YgioTtavtal epnuopo, NOAAEC (POPEC akOUn kal o Bepuokpacia dwpaTiou

® 01 1810TNTEC TOUC €EapTwVTal Napa noAu ano Tn Beppokpacia (Navw ano Toug
200° C xavouv ouciaoTIKa TNV avToxn Touc)



O1 Katnyopieg Twv MnxavoAoyikov YAIK®OV

Ta NoAupspn kai Ta EAacTouEpn

® YynAog AOyog pnxavikng avroxne/Bapog
® MopponolouvTal Napa NoAu eUKoAd
* Avtoxn o€ 01aBpwon

® XapnAoi ouvTeAeaTEC TPIPNC



O1 Katnyopieg Tmwv MnxavoAoyikov YAIK®OV
|

Ta Z0vOeTa YAIka

* Mikp0 Bapocg
® YWnAO PETPO €AACTIKOTNTAG

® YynAn pnxavikn avroxn, nou €&aptaTal anod Tov Tpono gopTiong (napaiAnAa
N KAOETa OTIC IVECQ)

® Aev pynopouv va xpnoigonoinfouv navw ano Touc 2500 C, Aoyw unoPaduiong
TWV 1010THTWV TOU NOAUPEPIKOU (POPEQ



O1 Katnyopieg Twv MnxavoAoyikwVv YAIK®OV

Ta ZuvOeTa YAIka

* EEaipeTikn anodoon os Ospuokpacia dwuariou
® MopponoiouvTal kail katepyadovtal noAU SUCKOAa
® [oAU uynAo KOOTOC NAPAYWYNG

® H xpnon Toug evdeikvutal pOvO, OTav n PBeATiwon TnG anodoong nou
NPOO@PEPOUV JIKAIOAOYEI TO UYNAO KOOTOG



Kpioipeg I810TNTEG ZXESIACHOU

® TevIKeG

® Mnxavikeg
® OEPUIKEC
* ®Bopag

* AiaBpwonc/ O&idwonc



Kpioipeg I810TNTEG ZXESIACHOU

Kornyopia ISty Ta Zopfolo Movadeg
IMevikic Eyetucd woorog (relative cost) G
IMukvéryra (density) p Mg/m’
Mipyovikig Mérpo elustikdtnTag (elastic modulus) E,G K GPa
Avtoyn o mhactik napapopeoer) (yield strength) o, MDPa
- Aim(iﬁ&imrﬁﬂ]'ru (fracture toughness) K, MPa m"™
Lovreleotiig andsfeong (damping capacity) n 1 -
Adyog kémwong (fatigue ratio) Y
Oeppuxic Oeppn ayoyipénta (thermal conductivity) A W/(m K)
Ocppodroyvrétira (thermal diffusivity) @ m’/sec
Erduc} OgppoTyra (specific heat) G JI(Kg K)
Oeppokpaosia Tiikng (melting temperature) i 1 K
Ocppoxpasia ““valoong’’ (glass temperature) T K
Euvreheotig Oeppikig Swaorodiis (thermal expansion coefficient) a K'
Avroyi oe Oeppukd ook (thermal shock resistance) AT K
Avtoyi oe epmucpd (creep resistance) ——— ——
DOopag Lralepd @Bopis Archard (Archard wear constant) K, MPa’
Aafp./OEc1H. Mapafohucii orabepa pubpod oEzidweng (parabolic rate constant) K, m’/sec
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